INTRODUCTION
============

It is an accepted fact that dementia is a clinical and public health concern. It was estimated that in 2005, 24.3 million people worldwide had dementia, and this number is estimated to rise to 81.1 million by 2040.[@B1] In Korea, there are presently about 400,000 people with dementia, and this number is expected to rise to 800,000 million in just 20 years.[@B2] However, it is currently known that only a third to a half the people with dementia receive a formal diagnosis or contact specialist services.[@B3] Such diagnosis or contact is often made only well into the late stage of illness when the possibility of prevention or intervention is limited. Early diagnosis and intervention can, in many cases, help delay institutionalization, and also give patients and their families time to plan their future.[@B3]

A screening method is important for the early diagnosis of dementia. Direct brief testing of the patient\'s cognition by a trained rater using an established test is the most common form of screening for dementia, but informant reports are an alternate method of detecting dementia.[@B4] In Korea, a widely used approach for screening dementia is the conduction of the Korean versions of the mini-mental state examination (K-MMSE; brief cognitive tests),[@B5],[@B6] which provide a summary of global cognitive functions, and the use of the Korean dementia screening questionnaire (KDSQ; informant reports),[@B7] which provides information about changes in an elderly patient\'s cognitive performance.

There are advantages and disadvantages to brief cognitive tests and informant reports. Brief cognitive tests can be influenced by education and pre-morbid ability[@B8] and require subjects to have intact language, sensory, and motor abilities.[@B9] Informant reports are unaffected by a subject\'s education or pre-morbid intelligence,[@B10] but performance may be influenced by both the personality and the affective state of the subject and the informant and the nature of their relationship.[@B11]

It is likely that the supplementation of brief cognitive tests with informant reports may improve accuracy when screening for dementia in clinical settings.[@B4],[@B12]-[@B16] However, previous studies examining the combination of brief cognitive tests and informant reports have shown conflicting results. The results of some studies have suggested improvement in screening,[@B4],[@B16] but those of another study have been equivocal,[@B13] wherein a combination of brief cognitive tests and informant reports in the elderly was compared with the individual use of brief cognitive tests or informant reports. Therefore, there is no general agreement on the view that a combination of brief cognitive tests and informant reports improves detection of dementia. The aim of this study is to investigate whether a combination of K-MMSE and KDSQ is better than either one test alone in distinguishing patients with dementia from those without dementia in Korea.

METHODS
=======

Study subjects
--------------

The subjects were recruited from the Clinical Research Center for Dementia of South Korea (CREDOS). CREDOS is a 9-year longitudinal study whose patients have been followed up every 12 months after enrollment; this study is funded by the Korean Ministry of Health, Welfare and Family Affairs (<http://www.crcd.or.kr>). Fifty-six hospitals have participated in this study, yielding a nationwide hospital-based study cohort. The 2028 subjects who visited the hospital were included in the study; there were 908 patients with dementia and 1120 patients without dementia. Patients were excluded if they had no informant or had a serious medical condition, severe sensorimotor deficit, or depressive symptoms (geriatric depression scale; GDS \>15).[@B17] Written informed consent was obtained from the participants in this study, and this study was approved by the Pusan National University Hospital Institutional Review Board.

Dementia screening instruments
------------------------------

K-MMSE and the KDSQ were used. The MMSE is a brief test of mental status and has been validated for use in many countries.[@B5] The K-MMSE used in this study was a version that has been previously modified to some extent for use in Korea and has been shown to exhibit properties similar to those of the original MMSE.[@B6] KDSQ developed in Korea is a self-administered questionnaire that asks an informant about changes in an elderly patient\'s cognitive performance over the past 1 year.[@B7] KDSQ has 15 items on cognitive dysfunction, each rated on a 3-point scale from 0 (no change) to 2 (frequent change), with 1 representing occasional change. KDSQ is not influenced by age or level of education. This instrument has shown high validity and reliability in distinguishing between patients with dementia and those without dementia in Korea.[@B7]

Diagnosis of dementia
---------------------

Diagnoses of dementia was made according to the Diagnostic and Statistical Manual of Mental Disorders, fourth Edition criteria[@B18] by psychiatrists or neurologists who used all the available information, except the scores of screening instruments, and diagnosis was reviewed by a committee consisting of 2 psychiatrists and 2 neurologists before the patient sample was enrolled in CREDOS. Especially, Alzheimer\'s disease (AD) was diagnosed according to the criteria of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer\'s Disease and Related Disorders Association.[@B24] Vascular dementia (VaD) was diagnosed according to the criteria of the National Institute of Neurological Disorders and Stroke-Association Internationale pour la Recherche et l\'Enseignement en Neurosciences.[@B25]

The sample of patients without dementia included individuals with diagnoses of mild cognitive impairment (MCI)[@B19],[@B20] or subjective memory impairment (SMI)[@B21] and healthy subjects who did not have any cognitive impairment.

Combination of K-MMSE and KDSQ: using weighted sum rule
-------------------------------------------------------

We combined the scores obtained for K-MMSE and KDSQ using the weighted sum rule suggested by Mackinnon and Mulligan.[@B4] In the weighted sum rule, the 2 test scores are combined to produce a score on a new scale before a cut point is calculated that best differentiates cases from non-cases. The formula for the weighted sum rule was derived from logistic regression analysis, and Receiver operating characteristics (ROC) curves were constructed. The weighted sum rule allowed a graduated trade-off between the scales. If a patient is judged not impaired on one test, greater evidence to suggest impairment is required on the other test for it to qualify as a case.

Statistical analysis
--------------------

Demographic and clinical variables were compared using Chi-square tests for categorical variables and the Mann-Whitney U test for variables that were not normally distributed. Logistic regression analysis was used to assess whether a relationship exists between caseness and one or more predictor variables, and to derive the optimal equation for predicting the probability of caseness. ROC analysis was used to assess the effectiveness of each test or combination of test as a screening method for dementia. The area under the curve (AUC) for each test was compared using the method of Hanley and McNeil (MedCalc version 11.4).[@B22] The analysis, excluding the comparison of AUC, was performed using SPSS for Windows, version 15.0 (SPSS Inc., Chicago, IL). Statistical tests were 2-tailed, and results were regarded as significant at or below the 5% probability level.

RESULTS
=======

Demographic and clinical data
-----------------------------

[Table 1](#T1){ref-type="table"} shows the distribution of the demographic characteristics, GDS, and KDSQ and K-MMSE scores of the patient sample. Patients with dementia were 5 years older than those without dementia (74.55±7.39 vs. 69.64±8.04; Z=-13.93; p\<0.001). The level of education was less by 1.5 years in patients with dementia than in those without dementia (7.24±5.35 vs. 8.61±5.34; Z=-5.82; p\<0.001). Patients with dementia were more impaired than those without dementia as reflected by their KDSQ scores (13.71±6.68 vs. 5.95±4.29; Z=-26.40; p\<0.001) and K-MMSE scores (19.14±5.03 vs. 25.71±3.48; Z=-28.19; p\<0.001). The patient groups did not show a significant difference in terms of gender (x^2^=1.71; df=1; p=0.19) and GDS (8.36±4.17 vs. 8.71±4.05; Z=-1.77; p=0.076).

[Table 2](#T2){ref-type="table"} shows the composition of diagnosis and severity in the patient sample. The MCI subjects were 3 times as many as SMI or healthy subjects (73.3% vs. 26.7%) in the sample of patients without dementia. The AD subjects were 6 times as many as VaD subjects (85.7% vs. 14.3%) in the sample of patients with dementia. Clinical dementia rating (CDR) 0.5 (88.8%) has the highest frequency in the sample of patients without dementia. In the sample of patients with dementia, CDR 1 (49.6%) has the highest frequency, and CDR 0.5 (37.4%), the next highest frequency.

Logistic regression analysis
----------------------------

The logistic regression analysis was performed to obtain the weighted sum equation used to predict dementia from the scores obtained for KDSQ and K-MMSE. The weighted sum rule of combining the KDSQ and K-MMSE scores is derived from the logistic regression analysis shown in the following equation.

Logit (case)=4.644+0.204×KDSQ-0.293×K-MMSE

Where logit (case) is the logarithm of the odds of a subject having dementia, which is equal to log (probability of a case/probability of non-case). Pr (case) is the probability of a case of dementia. KDSQ and MMSE are the test score values.

Receiver operating characteristic analysis
------------------------------------------

Sensitivity, specificity, and the AUC for the KDSQ and K-MMSE scores and the weighted sum rule for distinguishing between patients with dementia and those without dementia are shown in [Table 3](#T3){ref-type="table"}. [Figure 1](#F1){ref-type="fig"} shows the results of the ROC analysis for the weighted sum method and KDSQ and K-MMSE for distinguishing between patients with dementia (n=908) and those without dementia (n=1,120). By using the method of Hanley and McNeil (MedCalc version 11.4),[@B22] it was found that the AUC for the weighted sum rule was signi-ficantly greater than that for KDSQ (0.906 vs. 0.840; Z=9.78; p\<0.001) and K-MMSE (0.906 vs. 0.863; Z=7.88; p\<0.001), and there was significant difference between the AUCs for K-MMSE and KDSQ (0.863 vs. 0.840; Z=2.107; p=0.035). Thus, in our study, the weighted sum rule has an advantage over K-MMSE or KDSQ scores in screening for dementia.

DISCUSSION
==========

Our results demonstrate that a combination of brief cognitive testing and the informant report was better than either test used alone in the screening for dementia among patients visiting a hospital. This study shows that a combination of K-MMSE and KDSQ achieved using the weighted sum method is better than either test used alone in distinguishing between patients with dementia and those without dementia in Korea. On comparing the AUC for each test using the method of Hanley and McNeil,[@B22] we found that the weighted sum was significantly greater than KDSQ and K-MMSE ([Figure 1](#F1){ref-type="fig"}). This is consistent with results of previous studies.[@B4],[@B14],[@B16] Mackinnon and Mulligan[@B4],[@B14] showed that a combination of MMSE and informant report achieved using the weighted sum method was better than either test used alone.[@B14] Narasimhalu et al.[@B16] recommended that the informant report be used along with MMSE whenever available and that the weighted sum method be used to combine the MMSE and informant report, particularly in populations with a low level of education. Brief cognitive tests and informant reports in screening for dementia do not always measure the same cognitive domains of a subject.[@B4] Correlations between the 2 types of screening methods are moderate.[@B11] Moreover, Jorm et al.[@B23] in their analyses of brief cognitive test and informant report items found that there are separate factors in each item domain. The 2 types of screening methods measure rather different things. Therefore, the supplementation of brief cognitive tests with informant reports may improve accuracy when screening for dementia in our study.

In the present study, K-MMSE outperformed KDSQ. On comparing the AUC for each test using the method of Hanley and McNeil, we found that K-MMSE was significantly greater than KDSQ ([Figure 1](#F1){ref-type="fig"}). Previous studies on western populations that have examined the combination of the brief cognitive tests and informant reports have reported significantly better AUC results using the MMSE than when using informant reports.[@B4],[@B13],[@B14] However, in another study of the populations in a developing country,[@B16] the informant reports always outperformed MMSE. There are several possible reasons why different results are produced by MMSE and informant reports: First, the difference between educational levels may be one of the reasons. The level of education of populations in developing countries is lower than that of populations in western countries.[@B4],[@B13],[@B14],[@B16] Informant reports are unaffected by a subject\'s education and pre-morbid intelligence; hence, these will be beneficial when screening for dementia in patients with a low level of education, because MMSE is affected by an education-related bias. Second, the presence or absence of a reliable informant may be another reason. In western countries, the elderly often live independently. Therefore, informant reports may be less accurate in western countries than in developing countries. Third, differences in the compositions of the patient sample may be another reason. A previous study in which informant reports were shown to outperform MMSE included patients participating in a study of cognition after stroke.[@B16] Hence, the frequency of VaD in their study was higher than that of VaD in our study (48.5% vs. 14.3%). They reported that the informant reports produced better AUCs for differentiating patients with VaD from those without dementia than for differentiating patients with dementia from those without dementia (0.93 vs. 0.89). Hence, the higher frequency of VaD in a patient sample may be associated with better AUC results from informant reports.

The results for sensitivity and specificity of KDSQ, K-MMSE, and the weighted sum rule were similar to those of other studies.[@B4],[@B14],[@B16] We found that the sensitivity of K-MMSE with a 24/25 cut point was higher than that reported by Mac-kinnon and Mulligan[@B4] (0.86 vs. 0.76); however, the specificity was lower in our study (0.73 vs. 0.90). For KDSQ (8/9 cut point), we found that sensitivity and specificity were slightly lower than those reported by Yang et al.[@B7]: they reported a sensitivity of 0.79 and a specificity of 0.80, whereas we reported 0.75 sensitivity and 0.73 specificity. The weighted sum rule (logit (case) ≥-0.932) produced a better result in the study by Mackinnon and Mulligan[@B4] than in the present study: the former found a sensitivity of 0.93 and a specificity of 0.85, whe-reas we reported a sensitivity of 0.89 and specificity of 0.73. Although the results for sensitivity and specificity were similar to those in other studies,[@B4],[@B7],[@B14],[@B16] the specificity was somewhat low in our study.

One possible reason for the lower specificity values in our study is differences in dementia severities among the patient sample. The MCI subjects were three times as many as SMI or healthy subjects (73.3% vs. 26.7%) in no dementia sample. Hence, the fewer number of normal individuals could lead to increase difficulty in differentiating patients with patients from those without dementia using the tests. Further research is needed to establish the effect of the difference in dementia severities among the patient sample on screening for dementia. In our study, the weighted sum rule had a higher sensitivity and specificity than K-MMSE and KDSQ ([Table 3](#T3){ref-type="table"}). This is consistent with the results of previous studies.[@B4],[@B14],[@B16]

The present study has several limitations. First, the main disadvantage is that the study samples were selected from a clinical population. Informant reports collected from subjects in a clinical setting may be more reliable than those collected from subjects in community-based settings. On the other hand, MMSE, which can be utilized without informant input, can be more appropriate in community-based studies. Hence, our finding should not be generalized to nonclinical samples. Second, the informant reports may be influenced by the quality of the relationship between the patient and informant. If there are no reliable informants, the tests are inapplicable to patients. Third, because it is a multicenter study, there are many examiners. In conclusion, this study shows a combination of K-MMSE and KDSQ is better than either test used alone when differentiating patients with dementia from those without dementia in Korea. Further epidemiological studies in community-based settings are required before our results can be generalized to nonclinical samples.
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###### 

Demographic characteristics of the patient sample
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p value \<0.001. ^\*^Chi-square test, ^†^Mann-Whitney U test. GDS: Geriatric Depression Scale, n: number, SD: standard deviation, KDSQ: Korean Dementia Screening Questionnaire, K-MMSE: Korean version of the Mini-Mental State Examination
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Composition and severity of the patient sample
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AD: alzheimer\'s disease, CDR: clinical dementia rating, CDR (SOB): clinical dementia rating (sum of box scores), MCI: mild cognitive impairment, n: number, SD: standard deviation, SMI: subjective memory impairment, VaD: vascular dementia

###### 

Individual test (KDSQ, K-MMSE) and combination test (Weighted sum) in dementia screening
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AUC: area under the curve, CI: confidence interval, KDSQ: Korean Dementia Screening Questionnaire, K-MMSE: Korean version of the Mini-Mental State Examination
